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ELECTRON^SOURCES WITH WffiSKEll FIELDOnTTERS, 
AMD METHOD OF MANUFACTURING 

BACKGROUND OF THE 1NP 'ENTION 

FIELD OF THE INVENTION 

This invention relates to microelectronics, including vacuum microelectronics, »n 
particular to filed emission devices, specifically to filed .mission cathodes, as well as to other 
field emission devices such as field emission displays, electron sources for electron guns, for 
microwave devices, etc. 

DESCRIPTION OF THE RELATED TECHNOLOGY 

During the last few years, various versions for rea ization of field emission, including the 
emission with using of defects in planar structures, have been considered, the defects acting as 
initiators of the field emission [1,2]. Field emitters such as tips and blades prepared by special 
methods as field emission initiators, have many advantaj e S in comparison with the defects from 
the point of view of feasibility to realize regular muJtiple arrays of the field emitters and 
controlled growing of the arrays on large areas. Howeve, , cases often occur at the practice when 
the regular arrays are inferior to structures with an ircidental distribution of the defects in 
homogeneity. 

Troubles in stability and controllability of electron flows given off by the field emitters 
are also known. Troubles with uniformity of the field electron emission of the multiple field 
emitter arrays are of the same nature. The uniformity is lypically ensured by ballast resistors that 
equalize electron currents through different field emitters of the multiple field emitter arrays. 

Various design and technological solutions an used for overcoming of the troubles 

(problems) with the field emitter. 

A controlled electron source is known where the field emitter is connected to the drain of 
MOSFET that serves as a stable current electron sourc e [3,4]. In such an electron source, the 
issue of stability and controllability of the field emission current is successfully solved. 
However, transistor p-n junctions in the electron source are placed in the substrate where the 
field emitter is placed, too, and a substrate, too. This increases significantly the area taken by a 
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pixel and, accordingly, de<_*e S the resolving power of ield emi^n displays based on such 
electron sources. 

A solution of the problems of stability and com reliability combined with the spatial 
arrangement of the control components is successfully :ealized in the patent [5]. Figure 1 
illustrates the field emission catho, ^ »™rHir, r In the mor art f5l. In figure 1, reference 
numerals 1-4 represent a substrate, * ™thnH P * rtinde. an d a metallic layer, respectively. Also, 
reference numerals 5-8 repress * ^.rniqonriiictDr laver. an emitter, an insulating layer, anda 
control electrode, respectively. Here, in the electron source alhe diode f3}_is placed in die 
emitter base for the stability and the controllability of the field emission current Such a design 
decreases principally the sizes of the electron source three time, as minimum, because its control 
component takes the same place as the field emitter itself. Such an electron source allows to 
regulate the voltage so that the starting voltage for the field emission is decreased and, in such a 
way, the uniform emission is ensured. A plurality o: - emitters, acting through diodes and 
operating actually as ballast resistors, are placed onto the cathode electrode. Such a design 
ensures the uniformity of the field emission and, simultiineously, its controllability. However, 
the proposed in [5] components of stabilization and control of the field emission current are 
insufficient for successful solving of the problems of uniformity and controllability. 

In the patent [6] a more complete using of the advantages of the field emitters is realized. 
The field emitter is considered as a spatially distributed object (various parts of which serve as 
functional components of a device) rather than as a ' material point" of the field emission, 
without spatial characteristics of their various parts. 

According to the patent [6] components for control of the electron source are transformed 
from the planar arrangements, as it was done in [3,4], irno a vertical arrangement. Figure 2a and 
2b illustrate the field emission devices according to the trior art 131. Thus, a principal role in the 
stabilization and control of the field emission current is issigned (allocated), to the body and to 
the surface of the field emitter, in addition to the usual ro c of its top. 

Figures 3a and 3b illustrate the field emission d svices according to t he prior art 161. In 
fjpures 3 a and 3b. reference numeral 01 represents atop of f ield emitter. Reference numeral 02 
represents a control electrode. Reference numerals 03 ai d 03a represent an in sulator. Reference 
numerals 04 and 06 represent a barrier fiunctionV Releren ce numeral 08 represents a control 
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Pletnrnde. Reference uur . _.l* HQ and 09i represent a conduct* J M* of substrate and an 
insulator part of substrate , respectively.. 

Figure 3c illustrates the field emitter with varioi s Amot ion areas of the prior art. In 
Figure 3c. reference character K represents an external el ectric fie ld. Reference character E, 
represents various positions " 1"™-K™ hnnndarv ff >r example, p-n junction) under the 
influence of external electric ***** ^ v""^ v*'"**- Reference character E, represents the 
position of the junction bound s ™he.n electrons start to flow through, the junction. Reference 
diameters 1 a nd d represent i™«th nf the aciive area and width of the active area , 
respectively. 

K r , rt . ^ ill,, Urates the m ethod for p re paration o f the fi eld em itter according to [61. 
Reference numerals 12, 13. ^ U represent layers with different kinds of conductivity- In 
Figures 3a-3d reference charg e » * ™* ?- ( ■ e-- not associated with any reference mimer aj) 
re present areas of various kinds of conductivity. Refere n ce char a cter c represent position of 
active areas. 

Similar to [3-5] in the patent [6] an extracting electrode acts to electrons placed in the 
emitter top. In [6] electron sources arc considered where the field emitters have sufficient length 
and thickness. Therefore, from the point of the action of the control electrodes or barriers (such 
as the diode in [5]), as minimum four areas of the electron sources are considered: -the substrate 
on which the field emitter is placed; -the basis of the field emitters; -the top of the field emitters; 
-their bodies. These arc areas of sel ective activation, or a stive areas. 

Th o ao arc areas of -s cLcctivc activation, or act i ve a] cas. 

So, the active area is an area in the substrate, in b. >dy of the field emitter, in its basis or at 
its top. A connection of the source of the charge carrieis with the field emitter is implemented 
through the areas, and a control of the field emission current (of the charge carriers flow) from 
one area to another by means of stimulation and extracting is implemented. 

In some cases, however, such a control of the charge carrier flow can not be realized in 
[6]. This is related to the fact that the field emitter, teing under the action of a rather high 
electric field, for example, of the anode one, is subjected to its influence not only to the area of 
the top of field emitter but also all over the body. As a rssult, such an electric field, acting to the 
field emitter," shorts out" an action various barriers and over control components. The method 
for preparation of the field emitters by "wet" or "dry" -itching used in the patent [6] results in 
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formation of the emitters ^Jng small ratios of the lengti 1 of the^rive area to its diameter cL 
In this case, for controlling of the field emission current a very large voltage must be used in 
order to compensate the action of the large external (for example, of anode) electric field. 

Indeed, if the field emitter, containing a part with the p-type conductivity is placed in the 
electric field E (Fig. 3€c), fanned by the anode, the bouniary of the first of the first p-n junction 
04 is shifted Ej to the p-area. At a certain value Et, the fir st junction 04 approaches to the second 
one 06 in such an extent that the electrons from the n^area c begin tunneling through the 
narrowed barrier to the field emitter. This causes emission of electrons from field emitter. This 
is the "shorting out" under the external electric field. Ex: stence of the control electrode near the 
field emitter both in traditional (Fig. 3Aa) and in the zonsidered [6] version (Fig. 3Bb) can 
compensate the action of the penetrating electric field ard, such a manner, to "lock" the charge 
carriers of the second n-area c. However, it is known tint, at the geometric sizes, considered in 
[6], the length I-]_of the p-area is compatible with or and even shorter than the width d. As it is 
known, for "locking" of the charge carriers value of tire traverse electric field of the control 
electrode 02 or 08 must be comparable with the longitudinal field responsible for the charge 
carrier flow. This makes it necessary to apply large voltages to the control electrodes. 

In addition, in the patent [6] the control electroces stimulate the flowing of the charge 
carriers through the active area and extract the electrons from the field emitter. In such a way, 
the electron emission is stabilized and controlled. At the same tune Ihe control electrodes in [6] 
does not lock the flow of the charge carriers through the active area. The above function of the 
control eleclrodes-to stimulate the flowing of the charge carriers, makes it necessary mentioned 
in [6] approximate sizes of p-area as"... formed to no more than several microns in thickness and 
generally to submicron order thickness" (see column 8, last paragraph in [6]). This means that 
the authors of [6] did not consider a possibility to provide the control electrode by "locking" 
function and, as a result, they considered the design which is enough just for stimulation and 
which is not enough for locking the electrons moves under the influence of strong external 
electric field. However, it is known that if the control el ;ctrodes can lock the flow, it is possible 
to use small (in absolute value) negative voltage for tb: locking of the flow. This approach is 
very important from practical point of view-to use low voltage "electric keys" in different driving 
systems, for example, in the field emission displays. S ich a version can not be realized in [6] 
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due to small value of th^haracteristic 1/d that is diets approx^itely equal to 1 which is 
provided by the design proposed in [6]* 

In this in venti o n, th e draw ba ck is P^e r c o n ^ o " \T\j to the fact t h at, here, for stabilization 
and controlling of t he Hold emission, n whrJcor ("filamoht crystal") characterized by 1/d ^ 1 is 
used. A method for prep ar ation of the whiskers with tra/ ej so p n jun o tions t* a k e-pfef*^-4ft 
thk invention. Ad a r e si s t, th e d e s i gn propos e d allows U r^e»tfel-thc field emission by locking 
th o - chargo carrier flow. 

The appr o ach proposed is e speci ally important t S-srea&o n of e ffective long livtag-flat 

pan e l di spl ays. Ind ee d, th e high eH: 

long living are th e ir pho sp hors b e c ause , th e efricisn ey4£ large r- 
increas ing of anode voltage in au ^h-4avi eo5 and, aoc e 
durability of the phocphoro is incre^od . The high ago e taating voltage allows to uso a prot e ct iag 
coating layer (for example, aluminum) that prevents decompo si t i on of the phosphors and 
i n cr eases th e illumina t ion owing -te the light re fleetien^ n addition, the decreasing curre ats-are 

ti y of s i ftmeea4u ctor e mitt e rs) - bocaus e at high 

curr e nts - the emitters ar e- heat e d r e su ftiflj 

— thi s — inv e ntion * v arious posstl 
omission curr e nt bas e d on usin 
g rowing, the ratio 1/d can impl em ented as 5 10 and mo: g-feges- . In addition, with the whisk er 
grown field emitters brood possibility for shape variati e i and creation of the control electrodes 
eaa-be-fe aUzed. In particular, a design with step shaped - emitter is proposed Fig, 'lc. 

According to this inve ntion , the Bold amift^r in i g*ptemen tcd of whisk efr4 hat includ e s at 
leas t one barrior (f or- example, n, tth p ? p -i or p n junetk t^erHhe-b arricr is placed in -the-bedy 
ef4he^e!4 emitter, b e ing a t-s ornc height h > 0 (Fig, 1a -ab ove die substrate, i.e., above its ^owa 
b asis. At th e s am e ti me in the patents [3,5] ™" nf thr* l carri e r is p l aced at th e basis of the fi e ld 

As it wais menti o ned abov e the aotive area can b e -pl aced both in the basis of field emitte? 
[5], top [3,5] or substrate [3 ] , and io the body of the field emitter [6]. In this invention a version 
is proposed when the aotive area is plac e d oa -s idc surfccQ of the field emitter or in the body of 
the material that ha s direct or indirect contact with s ubsfe 
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30 placed alco in thin curf ice cond ^i vo layer arranged on aft 
insulating submi ai u- Thus, the vopj in n of the contro)1u . 6 -c le ai on source as pu rposed in this 
invention not - only has ooW sd-4he-^ffQb lonx of tranaft wing the stabilizing and controlling 

compone nts ft um their plnnnr nrr'"r mf ' T,t fl '' vnrtical onc fQJ l d ' m DUQh a Wfty ' of ' inCTMflin g th l ? 
r es olution of the drvrr) Hr> T " contr o llability of thoemiopion ourront by 

m o an: oflow Y o U n gr Tn m"* " ""y. ^ nllmmtn Toalrz^ a id controUability both - 

fa i i hu patent [6], as it wn «s- rncntionod above, tl »*a*to6±4B*4eba&s»Gi 
emitt e rs w itMravefs o p n junction s^ low e v e r. -this-ffle food do es not alh 
geometric porom auu^ uf d m fl u id oiulttu r t hnt gi v n n n nre y «y^«e^a^toetefis^6r 

Tim m e th ods fo r Er o w i n ; n rlr nt f ii whiilr""- OTr ^ 5 arc known [7,8,0,10]. The m e thod s, 
hwrevor, do not contain pr o cedures for prep a ra tion e f tho junction, for example, like p - n 
junctions- In this invention, such procedures are propose I 



- SUMMARY OF THE INVENTION 

An electron source is proposed, the source including a field emitter, a substrate, a source 
of charge carriers, and at least one ballast resistor. The fi eld emitter is implemented of a whisker 
epitaxially grown on the substrate, and at least one ballast resistor is implemented as a barrier 
which is represented as a boundary in the body of the fiel d emitter. The boundary is formed by a 
contact of materials with different kinds of conductivity. 

In the electron source the field emitter is implemented of at least one semiconductor 
material. At least one barrier in the electron source i:; formed by junction of materials with 
different kinds of conductivity, such as n, n+, p, p+ kinds. Al least one barrier is formed by an 
insulating layer that is across to direction of charge earn* rs flow. 

The field emitter is formed by a tip, the tip consi rung of two coaxial parts, a broad lower 
part and a narrower upper part. The field emitter can be also formed by a blade. The tops of the 
field emitter are sharpened and coated by diamond or liamond-Hke material, and the coatings 
can be sharpened, too. 

At another version of the electron source the bairier is formed by a boundary between a 
body of the field emitter and a conducting layer placed on a surface of the field emitter. In Ihe 
electron source, at least one ballast resistor is implemen ed as a barrier which is represented as a 
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boundary in the field emit body, the boundary being fo cmed by ^tacts of the materials with 
different kinds of conductivity. 

The field emitter is implemented of at least une semiconductor material, and the 
conducting layer is also implemented of at least one semiconductor material. 

At least one barrier in the field emitter is formed by junction of materials with different 
kinds of conductivity, such as n. n+, p, p+ kinds. 

In another version of the electron source at least one barrier is formed by an insulating 
layer that is across to the direction of charge carriers flow 

The field emitter can be formed either by a tip or by a blade. In the case of the tip shape 
the field emitter consists of two coaxial parts, a broad lower part and a narrower upper part. The 
top of the field emitter is sharpened and coated by diamond or diamond-like material, the coating 
being sharpened, tnn The diamond-like mater ial consists of carbon atoms having a pon-diamond 
structure, i.e.- this relates to a crystal type. Hie diamond-like materials differ from a diamond in 
s p2 and sp3 orbital portions of chemical bondings. This term has bee n used worldwide for at 
least the past 10-20 years. 

The source of the charge carriers is connected to the field emitter via substrate and/or a 
conducting Layer placed on a surface of the field emitter c irectly or via an insulating layer. 

In one more version of the electron source the sut strate has a shape of a tip and is formed 
by an insulator and by a conductive layer, the ballast rcsiitor being implemented by the layer. 

The conductive layer in the electron source contains at least one barrier for charge 
carriers. At least one barrier in the electron source is formed by junction of materials with 
different kinds of conductivity, such as n, n-+- 3 p, p+ kinds, and at least one barrier is formed by 
insulating layer that is across to direction of charge carriers flow. 

In one more version the electron source can be controlled containing at least one control 
electrode. The electron source can contain at least on<; active area in the body and/or on the 
surface of the field emitter. The active area can be realized in conducting layer placed on the 
surface of the substrate and/or of the field emitter directly or via an insulator layer. 

At least one control electrode is placed close to one barrier for the charge carriers or on 
side surface of the field emitter via an insulator layer. The control electrode is separated from 
the field emitter by a vacuum gap or placed along the :ield emitter. The control electrode can 
have a direct contact with the side surface of the field err itter. 

7 
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The substrate in th^ntrollcd electron' source can be crysU^ie, or can be implemented 
by an insulator and a conductive layer placed on the insula tor. The substrate can be implemented 
of the single-crystalline material with orientation (111). 

The surface of the substrate can be coated by a ma erial which is transparent for electrons 
and which prevents outlet of chemical elements from he surface of the controlled electron 
source, the material being diamond or diamond-like carbo 1* 

The invention 1 also considers a matrix of the coitrolled electron sources containing at 
least two controlled electron sources. The matrix can contain a two-dimensional system of 
mutually perpendicular rows of the controlled electror sources, at least one of the control 
electrode of the electron sources having a diaphragm shape and being implemented of diamond 
or diamond-like material. 

The substrate on which the controlled electron source is arranged is implemented of 
conductive material placed on an insulator. 

The matrix contains conductive buses which form two systems where buses of each of 
the systems are mutually parallel whereas the buses of two different systems are mutually 
perpendicular, the two systems being placed in two level ; and separated by an insulating layer. 

This invention proposes also a method for preparation of controlled electron sources 
including a formation on a solid substrate of field emiters each of that contains at least one 
transverse junction formed by materials having different electrical conductivity, a formation of at 
least one controlled electrode close to such junctions, where the field emitters are implemented 
of whiskers epitaxially grown by the vapor-liquid-solid :nechanism. The implementation of the 
field emitters can include formation of the hollows in the substrate and deposition of solvent 
particles at the bottom of the hollows. The implementation of the field emitters can also include 
placing of solvent particles on the substrate and etching cf the substrate around the particles. 

As mentioned above, the method can include fur her procedure for fonnation of the field 
emitters, that is to say, placing of a source material, hav ng a first kind of conductivity, opposite 
to the substrate with the solvent particles on it, growing of whiskers having the first kind of 
conductivity, stabilized cooling of the grown whiskers, having the globules on its tops, with an 
introduction of an inert gas into atmosphere, with simuli aneous decreasing of the temperature of 
the substrate, changing of the source material for another source having a second kind of 
conductivity, stabilized heating of the grown whiskers, having the globules on its tops, with an 
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introduction of an inert ga^* atmosphere, with simultareous inching of the temperature of 
the substrate, and growing of whiskers having the second kind of conductivity. The method also 
includes possibility to change the source materials more thj in two times. 

As mentioned above, the melhod can also include further procedure for formation of the 
field emitters includes growing of whiskers in a gaseous atmosphere containing the element or 
elements of which the substrate consists, introduction of doping gaseous compounds into the gas 
atmosphere. According to the method the formation of tb> field emitters can includes more than 
one procedure of introduction into ihe gas atmosphere of different gaseous doping compounds. 

BRIEF DESCRIPTION OF D MAWINGS 
Fig. h 4mustratesi©fr«f the field emission cathod i according to the prior art [5]. 
4- bd Ui aio ; 2 cathodp; V dtu do ■ 1 metallic Hye * 5 M u mi t oaductor In y p r; 6 emitter ; 7 

inoulottng layer: 8 control olcctrod eT 

Figs. 2a, 2br illlustrateieftS-ef the field emission oevices according to the prior art [3]. 

Figs. 3a^ 3Dt *illustrate4GftSHrf the field emissio i devices according to ihe prior art [6]. 
Q^ top of (wh L tar grown) fiolri e mitter : 02 contt el-96-buii iu (p u junction) > 0ff J™ *^ 

vai i o w. b u n d u G ti v ity kin rln i n pn i i t ieft-efaaavwaasr 

Fig, 3ct lUlustratesien-of the field emitter with vinous function areas of the prior art. E- 
cxtcmal electric field; Ej "orio n " poaitiona of junction - wm Ja ^ (for oitnmple, p n) undw the 
infl uence of external oloctric fic M , o f various value; 'j r ^i tiu n of junction bounds vhnn 
q mUu iL , uUl hi D m" t hr m ich jn nrtinn - i \* gM#»*>Ai*o m u a , d n u l Ui of the irf iw Rrrn 

fig. 3dr lillustratcsieiHjf the melhod for preparaion of the field emitter according to [6]. 
] 2,13,14 la y ci ij w it h d iff ere n t Irinrii o f ronr h irli vrt yr 

Figs. 4a, 4b, 4c, 4d, 4e T Hllustrateiefts-ef the stajilued electron sources according to the 
present invention. q-pui* iblu m o v eme nt of charge enrri ^h h o ight of th e- position of the bar rier 

*i u *. + m :„„,.i.^ r _; f rh .n-r n en n-ier? are n nvi f M ™* mrfhne layer: 03 conductive 
abo ve th o substrat e ; 03 - msu l iito r- it cnarg c-camerB are p uvmw -iu^u.^ } 

m aterial if charge carriers ar e pr ev- tded via gubotmtfe 

Rgs. 5a, 5b, 5c, 54 tillustrateiefrs-ef ihe com tolled electron sources according to the 

present invention 
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Figs. 6 a and 6b, ^ustrateiea-ef the matrix sysrem of th^ntrolled electron sources 
according to the present invention. 07 aperture — Rews-ef control electrodes 02 and 08 are 
mutu ally p e rp e ndic ular, -ra44^Hh~ r i™"™ rrmimlh'n / of th e emi s sion of the matrix system, 

■ Fife. C b- Illusion of ft p m ntrix n yptem of the o strolled electron courcoa acc o rd i ng t o 
t he p iun m l iu v m i U u u- IU isu. nirtm l pln nt mri ^ <P nn rf mm of conductive part 09 of sub strate 
to d on insulate p a rt 09 i o f t hft m t Mtxnr nr» Tmitiniiy- s crpondiculai, and together rocdize thft 

Fig. 7- lillustratesien^f grown silicon whisker vith transversal barriers (junctions), 15- 
globul e . 




DETAILED DESCRIPTION OF THE INVENTION. 

In this invention- the drawtoick is overcome owim: to the fact th at. Here, for stabilization 
and controlling of the field emission, a y /hisV«r rfilame .iL crystal"^ characterized by 1/d » I is 
used. Here as discussed above, reference characte r? I a nd d represent length of thc _ active area 
and width of the active area, respectively, A method for .p reparation of the whiskers with traverse 
p-n junctions is also proposed in this invention. As a.resu t. the design p roposed allows to control 
the field emission by locking the charge car rier flow. 

The approach proposed is_ especially important ,. it creation of effective long-living flat 
panel displays. Indeed, the higher the anode (acceleratir gfl electric field, the more effective and 
long-living are thei r phosphors becau se , tfie efficiency i; large r at higher voltages. Also at the 
increasing of anode voltage in such devices and, acccrdingiv, d ecreasing of the current the 
durability of the phosphors is increased. The high accele r ating voltage allows to use a protecting 
coating layer (Tor example, aluminum^ that prevents the dec omposition of the phosphors _and 
increases the illumination owing, to the light reflection. In addition , the decreasing currents are 
useful lor the field emitters themselves (especially of semiconduc tor emitters) because at high 
currents the emitters are heated resulting in their degrada ion ± 

Tn this invention various possibilities for the stabilization and con trol of the field 

emission current based on using of epitaxtallv grown whiskers are proposed. By whisker 

growing, the ratio i/d can implemented as 5-10 and mo re times. In addition, with the whisker 
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.^realized, fr « des m n w ^th step-shape d eq!^ is pmposed in Fig T 4c. 

, ,., nrf1|nr t „ ; ^ th« field mitter is hn plrtn^ H of whiskr. That includes at 

^ h^, rfor example, n. n+, p^OLE^junc^ ^ thr harrier js placed tn the bod y, 

nf*~ fi.lH fitter, br-r - "™ h > 0 ™*- i lb " VP thr ™ b « ¥ ™ ' *" °^ 

At the same ti.i.r in thr pr-«- P <1 — is ^ at the basis of the field 

emitter being eMmr at the upper WH of t hn substrate or below it_ 

a, » — .hove th e ^tive area can be i.1ace,d both in the basis of field emitter 

m m r R 51 or su ^r. pi and in th e body of th e field e mitter ffl. In this invention a version 
i» BmnM ed when tb. ^« area is pl ^ed nn side surfac- of thr field emitter or in tlie bodv of 
the material that has direct o r indirect contact with substra;e or field emitter. 

Ttw a .tivP. area can be placed also in thin surf ace conductive layer arranged on an 
insulating substrate. Thus, the ^ rarrtmlli ig electron source as purposed in this 

invention not rmlv has solved <h « problem of trans f^rrinP the stabilizing and controlling 
.op ponents from their planar arran geme nt t o vertical ^ :_Ia nd in such « way, of increasing the 
resolution of t h- *™~ } ^ a'lftws to conserve the c -ml-mlla hilily of the emission current by 
means of low voltage. In Such « "™y, this allows to reafoc said controllability both in the case of 
low and high external electric fields 

tn tint natent f61. as it was mentioned above, ti e m et ho d fo r fabrication of the field 
emitters with traverse o-n jur -ti™* Hnw^r. this mt thod docs not allow to obtaip Qptimal 
perimetric parameters of the field emitter that g ives necessary functional characteristics. , 
The, methods for growing oriented w hiskers arrays are kn own 1 7 8 9 1 0|. The methods, however, 
do not contain r —' 11 ^ ^prepa ration of the junction for example, like p-n junctions- In this 
invention, such pro cedures arc proposed 

Figures 4a-4e illustrate the stafr '^ rfprimn sources according to tJie present invention. 
In Figures 4*-4e. reference nnm^ Ola, 01 h. and 0 c represent a top of the field emitter- 
Reference numeral 03b represents an insulator if charce carrie rs are provided via the surfac e 
laver. Also, the insulator (03t can be a conductive mater al if charge c arriers arc provided via the 
substrate. 

Reference numer als 04a-04e- and O6a-06c represent a barrier ffor example, p-p junction). 
Rnfrmn ^p. numeral 09 represents a conductive part ol the substrate. Reference numeral 0 Q i 
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» r ^K »n InsulaUr r- i "^- In FiaUteS 4 >- 4e - ftf6 - ire rh ^ CTRfS * ^ ° ^ 

, .itri- -i T h T — — » present <* ^ tYPCS ° f C0DduCtmtY - 

nr. - rhimtT i -n— r™" h1e mQvement cFrh ^ ri,TTicrs * ^ rence cha * — 

"h presents the hwofa of the DOSj ti" r " f aWft rhe substratc - 

n^^t ^iflcatior, th * trm "emtaxiall. f>mwn" nya™ 1) the tip has the same 

, , , , ,n.nr -im-trr - «r - H * th ° rip has a , pYtf - 1ldpfi " rorm so the relati °" ° f 

^ m it, diameter si gnificantly a re ata than 1 as reflec : H in th» formula l/d»I and sho mjn 
Figures 4-6. 

EXAMPLE 1 . A most typical version for realiz ition of the stabilized electron sources 
that uses a barrier as a ballast resistor is the following. A thin layer of n-type silicon is deposited , 
onto p-type silicon tip that epitaxial to substrate (Fig. 4<1). The junction between the p-type of 
silicon and then-type silicon coating acts as a ballast rests ;or. 

K Bmg s»-Sri illustrate fly- ~™t m ii«H rirrtr™ m rces according to the present invent um 
T n -Fip ur« 5a-5 H r.F^ence num ^l md repr esents a top of the field emitter. Reference 
numerals 03c ™* ™ ~r™«itf an insulato r if charge earners are prodded via the surface layer. 
The-, insulato rs f03c and 03d) ™n he a cond u cive material If charge carriers arft provided vja the 
substrate. 

R*ferftnr. R numerals fuf m l*, re present i barrier (for example, p-n junction). 
Terence num«™i 0* represen t -- » ^nrrol electrode, Reference numeral 09 represents a 
conductive part of the substrate. Wp "™ reference character a. b, c (i.e., not 

associated with anv reference i rT n r'} "T™*"* sr. ** of various types of conductivity. 
Reference character e represents position of act ive areas. 

EXAMPLE 2. A most typical version for realisation of the controlled electron sources 
that uses a vertical arrangement of the control components is the following. The tip contains in 
its body two p-n junctions. An upper part of the tip is ii aplemented of n-type material. A lower 
part of the tip as well as the adjacent substrate are implemented of n-type material. A control 
electrode is placed at a middle part of the tip which i i implemented of p-type material- The 
control electrode has an extended length, is placed on the surface of the tip and has with it a 
direct contact (fig. 5c). When a voltage VOPD is applied to the control electrode, an inverse 
layer is induced at the area b along the surface of the fi« Ad emitter, and electrons from the area c 
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begin to penetrate into are^ Jhrough the inverse layer. Tien die e^rons are emitting from the 
field emitters under the action of the anode voltage. 

Fibres 6a and fir, illustrate the matrix system of the contro lled electron sources. 
n^nrdmg to the present inventi ™ r " Wff "™ &* "™1 ^ reference numeral 01 represents a top 
of the field em itt-r "^n?? and 02 ° re present a control electrode. Referenc e 

numeral 03e represents an m*nW if char g e carriers *e p rovided via the surface layer, The 
insulator f03e) can be conductive material if charge c arriers are provided via the substrate . 
Reference numeral 03' represents an insulating g lass layei . 

Reference numeral* 04h. 06d. Ofie represent a bar rier (for example, p~n junction ), 
Reference numeral 07 represents a cent ™«Y™™ etn ' cal cav itv. Reference numeral 08 represents a 
control electrode. Reference numeral 09 reprints a con ductive part of the substrate. Reference 
numeral 09i represents an insulator v rt of the substrate. In Figures 6a and 6b, reference 
characters a , h. c (i.e.. not, associated ™ >h any referen t numerals rcpresenL areas of various 
tvpre of conductivity. Reference numr **' DQ' reprints t conducting substrate of silicon having 
the crvstallo graphic orientation 0 1 i). 

Tn Figure 6a. rows of control el gctrorj es 02a. 02b. and 08 a re mutually perpendicular, and 



together perform the controlling of thr - »f ^ m«triy system. In Figure 6b. rows of 



control electrodes 02a. Q2h. and row? »f thw reductive part 09 of substrate based on the 



insulator part 09i of the substrate a re mutually ner iendicular. and together perform the 
controlling of the emission of the matrix system. 

Figure 7 illustrates grown silicon whisker with tr insv ersal barriers functions). In Figure 



7. reference numerals 04k and 061' represent a barrier (for example, p -n junction). Reference 



numeral 15 represents a solidified globule consisting of crystallite s of silicon and solvent. 



Reference numeral 09 represents a conductive part of sut sHate. In Figure 7. reference characters 



a, b, c (i.e„ not associated with anv reference numend) represen t areas of various types of 
conductivity- Bv processing the whisker with a chtmic al etch of silicon, the whisker is 
transformed into a tip with simultaneous removal of the iiobule (151 

EXAMPLE 3. A most typical version for realization of the matrix system of the 
controlled election sources that uses the vertical arrangement of the control components is the 
following. 
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Rows of sharpened ^isker-grown field emitters 01 are fora._ on a conducting substrate 
09' of silicon having the ethnographic orientation (1 1 l>.^asjhowiLin Fig. 6a. A system of 
parallel rows of control electrodes 08 is formed on the surface of the field emitters_0L the 
insulating layers 03 being placed between the field emitiers QLand the control electrodes^. 
Then, an insulating glass layer 03' is deposited on the s picture. After that, a set of parallel 
electrodes* **** 0 2a and 02b are deposited onto the gliss layer 0? , ', and centrosymmetrical | 
cavities 07 are formed at the places corresponding to th<. emitters so that the upper ("top") of 
each of the emitters 01_are in the centers of the cavities 0J_being risen above their bottoms. It is 
important that the set of the electrodess tripes- 02a and (igb is perpendicular to the system of 
parallel rows of the control electrode 08. In order to cbtain an emission from a given field 
emitter, it is necessary to apply a voltage Vopen to a row in the system of the control electrodes 
08 and, simultaneously, to apply a voltage Vext, to a^e4e the set of electrodes 0 2 a and 02b . 
At the cross of the row and *f th„ ^r.trndes 02a and 02tstrige, the sum voltage Vopen + Vext, 

me emission. 



initiates 



14 



Received from <> at 10/24/03 4:38:50 PM [Eastern Daylight Time] 



10/24/03 13:31 FAX 



12)025 



REFERENCES w w 

1. I. Brodie, P. R. Schwoebel, Vacuum Microelectronic Devices, Proceedings of the 

IEEE. Vol. 82, No. 7, July 1994 

2. W. Zhu, G. P- Kochanski, S. Jin and L. Siebles, J. A ppl- Phys. 78 (1 995) 2707 

3. H. F. Gray, Regulable field emitter device and me thod of production thereof US Pat. 

5,359,256, CI 313/169 (1994). 

4 Junji Itoh, Takayuki Hirauo, and Seigo Kane nam, Ultrastable emisaon from a 
me taloxide- Se micond U ctor field-effect transistor-structured Si emitter tip, Appl. Phys. Lett. 69 

(1 1), 9 September 1996, p. 1577 

5. Yoichi Kobori, Mitsuru Tanaka, Field emission cathode, US Pat. 5,162,704, CI 315/349 

0992). 

6. Seigo Kanemaru, Junji Itoh, Field emitter having source, channel, and drain layers, US 
Patent 5,710,478, Date of patent 20.01.1998 

7. E. I. Givargizov, Method and apparatus for growiig oriented whisker arrays, RU Patent 

2,099,808, 20.12-I997r. 

8. Yoshinori Terui, Ryuichi Terasaki, Method for pioducing single crystal, and needle-like 

single crystal, US Patent # 5,544,617 Dale of patent 13.08.1996 

9. Didier Pribat ct »1, Metliod for tlie controlled gro'vth of crystal whiskers and application 
thereof to the making of tip microcathodes. 

10. Michio Okajima et al, Fabrication method of fine structures,^ Patent 5,381,753 Date of 

patent 17.01-1995 



15 



Received from < > at 10/24103 4:38:50 PM [Eastern Daylight Time] 



10/ 24/03 13: 3 2 FAX El 026 

v> Abstract 
d ec«on source is proposed v^erc . Add emiaer is formed by a <*•*-'"" ^ 
epltax iaUyonas„bs«*e. A ballast resistor and an active £ tea are placed in the body and/Of or* 

t P-a se.iconductoriuncu.ns or insulation iayer tha. crosses - charge canK, «~ 1 
O^LL for control^ such etectron sources are trranged vertically. Tins aliows to * 
Lase signify fte area — by ft. component and, in . ~K - -~- <- ^ 
. resCving pTwer of devices and expand fields of ft* ^cations. In so do.Bg, o^ng ,0 » 
UZgL f.e,d i, is possible to control the emission currents by io W voltages at J 

strong electric fields. ^ 



S;\DOC^HZC\HZC^050.OOC 
090903 



16 



